Rabbit antibodies for Candida albicans, reacting in agglutination and fluorescentantibody reactions, were present in both IgM and IgG protein fractions. The two types of immune globulins were separated from ammonium sulfate-precipitated y-globulin either by filtration through a column of Sephadex G-200 or by diethylaminoethyl column chromatography performed by stepwise elution with various concentrations of sodium chloride. In the fluorescent-antibody test, initial separation of the IgG fraction, prior to its conjugation with dye, proved to be essential for the high specificity of this reaction. Investigation of the specificities of the two types of antibodies revealed that the IgG was highly specific, whereas the IgM was not very specific. Each antigen fraction, extracted by various methods, demonstrated its own characteristic antibody response. Only the IgG fraction yielded serotype-specific antibody useful for detection of a serotype of C. albicans in agglutination and fluorescent-antibody tests. The results indicate the importance of IgG for specific serological reactions with the Candida species.
In recent years, several investigators have reported on the serological relationships among several species of the genus Candida (2, 10, 18, 22, 24, 25) . On the basis of our studies of the antigenic structures of many species of yeasts, we proposed a new system for their classification (26) . More recently, it has been reported that antibody proteins with an electrophoretic mobility of y-globulin consist of heterogeneous molecules. The antibody proteins in the serum of man (23) , rabbits (20) , and a number of other animals (6) are the 7S and 19S fractions of y-globulin. Antibodies in these fractions may show degrees of reactivity different from those of antibodies in whole serum. The rapidly advanced methodology in immunochemistry demands a new approach to the serological methods used for classification and identification of microorganisms. In recent studies of antibody activities in fractions of rabbit antisera for Shigella flexneri lb and 2a, we have found that the specificities of the two types of antibodies differ from each other (27) . The IgG demonstrated a high specificity and the IgM had a low specificity. It was considered worthwhile to apply these immunochemical findings further, in order to analyze the antibodies of yeast antigens reactive in agglutination and fluorescent-antibody tests, and to reexamine the preparation of factor antibodies based upon the newly described antigenic structures.
The present paper deals with the fractionation of antibody proteins and the specificity and response of two types of antibodies in anti-C. albicans serum.
MATERIALS AND METHODS
Strains used. The strain of C. albicans and the other yeasts used as antigens for immunization of rabbits and for agglutination tests are listed in Table 1 , together with the antigenic structure of each species and the sources from which they were obtained.
Preparation of antisera. Antiserum for C. albicans was prepared by immunizing rabbits with heat-killed cells according to a method previously described (24) . Several rabbits were immunized, and the harvested antisera were pooled to minimize the possibility of variation in individual response. Antisera for each crude extracted antigen were prepared as follows. Each 5 mg of crude antigen (1 mg of crude protein) was dissolved in 2 ml of distilled water and then mixed with an equal volume of Freund's complete adjuvant. Rabbits were injected once into the footpad with. Each antigen. The rabbits were bled from their ear veins every week after injection, and the serum pooled every week was tested for mode of antibody production.
Preparation of antibody fractions. The ey-globulin fractions were obtained by salting-out with halfsaturated ammonium sulfate, after which some were fractionated by the gel filtration method (13) . Sephadex G-200 (Pharmacia, Uppsala, Sweden) was used for gel filtration. The gel was equilibrated with 0.2 M tris(hydroxymethyl)aminomethane (Tris)-0.5 M gly-RESPONSE AND SPECIFICITY OF C. ALBICANS ANTIB9DY cine-HCl buffer (pH 8.0) containing 0.2 M NaCl, and the slurry was poured into a chromatographic column (2.5 X 40 cm) obtained from Pharmacia. All chromatographic experiments were carried out at 4 C, at a flow rate of 5 ml per hr adjusted by hydrostatic pressure. Amounts of 2 ml of about 2% -a-globulin samples were applied to the column.
In addition to gel filtration, diethylaminoethyl (DEAE)-Sephadex A-50 column chromatography was also used as a method for separation of the above yglobulin, and for fractionation of labeled antibodies. After activating with 0.5 N NaOH, the gel was treated with the initial eluant, 0.02 M phosphate buffer (pH 6.6), until equilibrium was attained. The equilibrated ion-exchanger was packed into a chromatographic tube (1.5 X 25 cm), and approximately 5 (Fig. 1) . The antibody activity of the individual fractions was tested against homologous antigens by the tube agglutination method, and activity was found in the fractions composing peaks PI and PIT.
A second fractionation of y-globulin was carried out by DEAE-Sephadex column chromatography. A stepwise elution method was employed.
The starting buffer (Bi) was 0.02 M phosphate buffer (pH 6.6) containing 0.1 M NaCl; succeeding buffers contained 0.17 M NaCl (B2) and 0. (Fig. 3) . Each fraction was generally collected in every experiment, as shown in Fig. 1 and 2, and each protein fraction was then concentrated to 0.1 to 1.0% protein content and diluted twofold. The antibody protein of the PI and FIII fractions reacted uniformly against the antigenically related species as well as the homologous species, demonstrating antibody titers ranging from 1:40 to 1:80 or from 1:160 to 1:320. However, the antibody protein of PII as well as FT reacted strongly to homologous species and to C. tropicalis, and weakly with the other five species, indicating that the predominant antibody activity was for antigen 7 or 6 of Tsuchiya's schema (26) and not for the other common antigens. (Fig.  8) . Antibody in the PI fraction reacted uniformly against the antigenically related species C. tropicalis and C. stellatoidea, as well as the homologous species. These patterns were significantly different from those of PII fraction, whereas the reactions to the heterogenous strains C. parakrusei, C. krusei, and C. pseudotropicalis wereweaker than those of anti-whole cell antiserum. The antibody activity of the PII fraction demonstrated the heterogeneous reactivities to the antigenically related species, demonstrating high homologous specificity. Similarly, the PII fraction obtained either from the anti-crude protein serum or from the anti-soluble polysaccharide serum demonstrated the heterogenous reactions against antigenically related species. Their reactive patterns, however, were not exactly the same. Adsorption experiments on the two types of antibodies obtained with various antigens. Specificities of the two types of antibodies were examined also by adsorption experiments. Each antiserum, without being salted out, was fractionated by gel filtration through Sephadex G-200. Elution of the whole serum yielded three protein fractions which showed three peaks, PI, PII, and PIII. Each antibody fraction was adjusted to yield an agglutination titer of 1:128 and was tested with the necessary antigens. An antibody pattern for antigen 6 was obtainable from PII fraction (TgG) from antiwhole cell serum, anti-crude polysaccharide serum, or anti-soluble polysaccharide serum, by adsorption with C. stellatoidea, but it was not obtained from every PI fraction. Similarly, the antibody pattern for antigen 7 was obtainable from every PII fraction by adsorption with C. tropicalis, but not from every PI fraction (Table   4 ).
DISCUSSION
Serological classifications of yeasts based upon the work of several investigators are not in complete agreement. We attribute the discrepancies in results obtained for the same serological reactions to the varied nature of the antigens used, and to the variety of antibodies produced. Whole antiserum to date has generally been used for the serological detection of microorganisms. However, it has been shown that antibody proteins are not homogeneous, and that two types of antibodies, IgM and IgG, are important for serological reactions (1, 15) . For investigation of the specificities of immune globulin fractions, the qualifications of the fractionation procedures must be known. In our comparative experiments with various methods, procedures in which ammonium sulfate-precipitated 'y-globulin fraction and either gel filtration or DEAE-Sephadex column chromatography were used seemed to be reliable and practical enough for separation of the two types of immune globulins, although many chromatographic methods have been reported (7, 8, 19) . These findings were similar to those of our previous experiments with antiShigellaflexneri lb and 2a sera. It has been shown that immunoelectrophoresis of the IgM fraction reveals the existence of a small IgA component (9) , which occurred in several molecular classes (7) . The importance of the IgA in agglutination is not completely clear. The IgA component contaminating the preparation of IgG or IgM plays little if any role in the specificity of the agglutination reaction. In the case of gel filtration, purity of the PI fraction depends on the range of fractions collected. Whole fraction of the PI, as indicated in Fig. 1 , demonstrated the specificity of IgM in agglutination patterns and in adsorption experiments, although this whole fraction contained a slight IgG.
Different specificities were found in two types of immune globulins. The more specific reactions were manifested in IgG and less specificity was demonstrated in IgM by immunization with the different antigens studied. Moreover, specificities of all IgG antibodies produced by different antigen fractions, i.e., whole cell, crude polysaccharide, soluble polysaccharide, and crude protein were generally the same, although agglutination patterns of these antibodies were not exactly the same. As to the minor differences among the above IgG fractions, it is uncertain whether they would be caused by variations due to individual responses of the rabbits or to antigen fractions carrying slightly different determinant groups. Adsorption experiments proved that serotypespecific antibodies for C. albicans were obtainable from every IgG fraction but not from IgM. We consider that the specific sites of antigen for agglutination, even in crude protein antigen, should be a complex of specific polysaccharide terminal groups. Stewart-Tull et al. (21) reported that there were no differences in patterns for amino acid components in the strains of several genera of yeasts, and that the cell wall sugar components of these strains were different and demonstrated several patterns. Several investigators (5, 11, 12) have studied the fluorescent-antibody reactions of Candida and other fungi, since Coons (3) introduced this technique. In the fluorescent-antibody reaction, attention has been paid to elimination of the nonspecific reactions of labeled antibody. We observed that elimination of IgM prior to conjugation with dye was very important for the purification of antibodies, because molecules of conjugate were not homogeneous with respect to dye-protein ratio, and subsequent fractionation of conjugate on DEAE ion-exchange columns were evidently dye-dependent ( (15) . These findings show the importance of realizing the immunogenic nature of antigenic molecules in the cell wall constituents when determining the responses of two types of antibodies.
We have observed some minor serological heterogeneity among species of C. albicans. However, we considered that typical strains of C. albicans were antigenically different, even if only slightly, from C. tropicalis and C. stellatoidea. Recently, a controversy arose on the serotype of C. albicans since Hasenclever reported the two serotypes of C. albicans, type A and type B. We tested the antigenic structure of C. albicans type B (supplied by J. Biguet) by slide agglutination test with our specific factor sera and found that C. albicans might be monotypic (26) . Because this strain had a small amount of antigen 7 and a very small amount of antigen 6, it was considered to demonstrate a quantitative variation in specific antigens of C. albicans. More recently, upon testing several strains of C. albicans type A and type B from the National Communicable Disease Center, Atlanta, Ga., we considered that the strain without antigen 6, but with pathogenicity and chlamydospore-producing ability, ought to be regarded as important. However, we have not yet isolated such strains in our country. In the present study, we have used only type C strains, which prevail in Japan. Antigenic analyses of the three serotypes of C. albicans as well as related serotypes, C. tropicalis and C. stellatoidea, are in progress with the cooperation of L. Kaufman (National Communicable Disease Center). In any case, the demonstration of both antigens 6 and 7 is important for any typing of C. albicans.
